Background. As one of its responses to the increasing global burden of breast cancer (BC), China has deployed a national registration and BC screening campaign. The present report describes these programs and the initial results of these national BC control strategies, highlighting the challenges to be considered. Materials and Methods. The primary BC incidence and prevalence data were obtained from the Chinese National Central Cancer Registry. MapInfo software was used to map the geographic distribution and variation. The time trends were estimated by the annual percentage of change from 2003 to 2009. The description of the screening plans and preliminary results were provided by the Ministry of Health. Results. Chinese cancer registries were primarily developed and activated in the East and Coastal regions of China, with only 12.5% of the registries located in West China. Geographic variation was noted, with the incidence of BC higher in North China than in South China and in urban areas compared with rural areas. Of great interest, these registries reported that the
INTRODUCTION
Breast cancer (BC) has become the most common female cancer worldwide [1] . In 2012, 1.7 million new cases were diagnosed and 522,000 deaths occurred [1] . Although the BC incidence in China is lower than in Western countries, it has been increasing annually [2] , with an earlier age of onset [2] . From 2003 to 2009, the number of cancer registries with qualified data reporting to the Chinese National Central Cancer Registry (NCCR) has increased from 35 to 72 [2, 3] . In 2009, 18 ,132 new BC cases were diagnosed, accounting for 16.8% of cancer cases among 42 million women [3] . Furthermore, BC has become the most common cause of cancer mortality in Chinese women since 2003 [2] .
In response to this increasing burden, the Chinese government launched a BC screening program in 2009 in 200 counties, intending to screen 1.2 million women aged 35-59 years within 3 years.The screening consisted of a clinical breastexamination (CBE) as the primary detection method, followed by breast ultrasound (US) imaging for women with clinical findings highly suggestive of malignancy (HSM) on the CBE and women with other high risk factors. Positive US findings were evaluated further using mammographic imaging and breast biopsy. After completion of this 3-year program, a second-generation screening program was started in 2012, with modification of the ages of the women screened, the screening methods, and the cohort size.
In the present report, we describe the Chinese screening programs in detail and present the primary results. In addition, we used geographic information system analysis to illustrate and compare the BC burden among the regional registries across China.The geographic distribution of the BC burden in China has not been previously reported, and the variations noted suggest that the ongoing screening strategies conducted in China should consider age and geographic location in their design.
MATERIALS AND METHODS
The annual incidence and mortality data from 2003 to 2009 were obtained from the NCCR.The cancer categories followed the International Classification of Diseases, version 10, rules. In 2009, 104 cancer registries were required to report both incidence and mortality data to the NCCR, which then was committed to checking the data for completeness, validity, and logical consistency. The percentage of cases pathologically verified, the percentage of cases registered from a death certificate only, and the ratio of the number of deaths from a particular cancer to the number of cases registered during the same period were three key indicators of the completeness and quality of data. NCCR rejected incomplete and unqualified data from 32 regional registries. Ultimately, 72 regional registries submitted complete quality data, 31 from urban areas and 41 from rural areas. The 2009 registry data incorporated information from 43 million males and 42 million females in China.
The present study used the reported data from these 72 registries, which did not include unique identifiers.The Beijing Shijitan Hospital ethical review committee, Capital Medical University, reviewed and approved the present study.
The crude incidence and mortality were estimated as the number of new cases of BC and the number of deaths from BC, respectively, divided by the average population size of the same year. The age-standardized rate was estimated with reference to the Segi world population [4] . The agestandardized mortality-to-incidence (M/I) ratio was calculated as age-standardized mortality divided by the age-standardized incidence. For the largest qualified registries, the geographic variation of age-standardized incidence, mortality and M/I ratio in 2009 was estimated using MapInfo software (Pitney Bowes Software, Stamford, CT, http://www.mapinfo.com), and the National Geomatics Centre of China provided the county-level maps (National Geomatics Centre of China, Beijing, China, http://ngcc.sbsm.gov.cn/).
The time trend of the age-standardized incidence and mortality was estimated using data from 2003, 2004, 2005, 2006, 2007, 2008, and 2009 , with the same data inclusive criteria. The Joinpoint Regression Program (National Cancer Institute, Bethesda, MD, http://www.surveillance.cancer.gov/ joinpoint) was used to calculate the time trends of incidence and mortality with a model based on the assumption of a minimal number of join points at which statistically significant changes in time trends occur. It was a logarithmic linear model that calculated the difference up to a statistically significant value, using the Monte Carlo permutation test [5] . Thus, the annual percentage of change was calculated to illustrate the time trends of incidence and mortality. The east, west, north, and south regions were defined by the traditional geographic classification in China [6, 7] , and the BC burden difference was estimated.
For the initial 2009 to 2011 official BC screening program, the target population of woman and the preliminary results were obtained from the Ministry of Health. In 2009, the Chinese Ministry of Health initiated a 1.2-million subject BC screening program of women aged 35-59 years from rural areas. Among 31 provinces, 200 counties had healthcare workers who met the technical qualification for the proposed screening techniques and had the targeted economic status. Surgeons and nurses provided health education for BC selfexamination, obtained written informed consent, and collected data (supplemental online Fig. 1 ). Subsequently, the women received a CBE and breast US examination, as indicated. Women found to have a suspicious lesion on the CBE received a standardized US examination (supplemental online Fig. 1 ). In addition, high-risk women (age $50 years or positive family BC history) also underwent an US examination, independent of their CBE findings. All women with a suspicious lesion found on the BCE or US study underwent additional diagnostic mammography (supplemental online Fig. 1 ). Women with a clinically suspicious or mammographically suspicious finding underwent biopsyfor histologic evaluation(supplemental online Fig. 1 ). Women with biopsy findings indicating either premalignant or malignant lesions were encouraged to undergo additional appropriate clinical treatment. Women with biopsy results indicating benign findings were followed up at 1 year (supplemental online Fig. 1 ). Women with benign findings could enroll in the next round of screening 3 years later. Early stage was defined as BC in stage 0, I, and II.
Statistical Analysis
SPSS, version 15.0, software (SPSS, IBM Corp., Armonk, NY, http:// www-01.ibm.com/software/analytics/spss/) was used to conduct the analyses.The differences in the incidence, mortality, and M/I ratio among the areas were estimated using the t test. All analyses were 2-tailed tests, with a significance level of .05. Breast Cancer in China registry centers were located in the East and Coastal China cities, and only 12.5% and 23.6% of the registries were located in West and Central China, respectively (Table 1) . Despite the asymmetric distribution of the registry centers, a notable geographic variation was observed in the BC incidence and mortality (Fig. 1A, 1B . The incidence and mortality were greater in the urban areas than in the rural areas ( Table 1 ). The northern regions had higher BC occurrence than the southern regions (Table 1 ). In 2009, the age-standardized M/I ratio was 0.25 in the urban areas and 0.30 in the rural areas. Although no difference was found between the urban and rural areas (Table 1) , the agestandardized M/I ratio had a remarkable geographic variation, ranging from 0.08 to 0.80 in China (Fig. 1C) . The incidence, mortality, and M/I ratio were not significantly different among East, Central, and West China ( Table 1 ).
RESULTS

Breast Cancer Burden in China
The age-specific incidence of BC increased with age until age 50 years and then declined (Fig. 2) . In both urban and rural areas, the age-specific BC incidence peaked at approximately 50 years of age (Fig. 2) . However, the age-specific mortality uniformly increased with age, in both urban and rural areas ( (Fig. 4) . The increase in incidence was observed in both urban and rural areas. The incidence in urban areas increased from 24.61/10 5 to 27.32/10 5 in 2009 and increased at a rate of 2% annually (p 5 .02) (Fig. 4) .The annual increase in the incidence rate was 7% in rural areas, increasing from 9.22/10 5 to 13.69/10 5 in 2009 (p 5 .002) (Fig. 4) . BC mortality did not change significantly in 7 years, at approximately 4.9/10 5 in urban areas and 5.3/10 5 in rural areas (Fig. 4) . (Fig. 5) . The new screening procedures included parallel CBE and breast US (Fig. 5) . Women with suspicious findings from either examination were recommended to undergo mammography imaging (Fig. 5) . Also, the population to be screened was increased to 6 million.
Breast Cancer Screening in China
DISCUSSION
BC is the second most common cancer in the world and the most frequent cancer among women, with an estimated 1.67 million new cases in 2012 (25% of all cancers) [1] . In GLOBOCAN 2012 (International Agency for Research on Cancer, World Health Organization,Lyon, France, http://www.globocan.iarc.fr), the global age-standardized incidence and mortality of BC were 43.3/10 5 and 12.9/10 5 , respectively, twice as high as the data in China [1] . Nonetheless,thelarge Chinese population, and the impact of aging in this large population, most likely will result in an increasing incidence and mortality of BC in the future.
As expected, a geographic variation was observed in the incidence and mortality of BC, which has also been previously observed in China, as well as in other Asian countries [8] and the United States [9] . For example, the Mongolia and Jiangsu Provinces in China have reported a higher incidence in urban areas [10, 11] . Similarly, a higher mortality rate in urban areas compared with rural areas was reported from the studies in Brazil [12] and Hubei Province [13] . The maldistribution of cancer registries was a possible explanation for this unbalanced distribution of reported cases; however, other data have suggested a true variation in BC incidence exists. For example, a south-north gradient of variation in BC incidence also exists [8, 9] , which is not affected by the variation of geographic distribution of registries. These geographic differences in BC incidence have been previously reported to be related to variations in lifestyle risks. From immigration studies, Asian immigrants to Western countries were reported to have a greater incidence of BC than native Asian people but a lower incidence than Western whites [14, 15] . Asian women who were born and raised in the West had a 60% greater risk than immigrant women born in the East; migrants who lived in the West for a decade or longer had a risk that was 80% higher than that for more recent migrants [16] .
Exposure to Western lifestyles had a particularly substantial impact on BC risk in Asian migrants to the United States during their lifetime. One migration study indicated oral contraceptive consumption increased with the time since migration [17] . Zhang et al. [18] reported a 74% decreased risk among women consuming the highest quartile of the vege- Although the incidence is lower, the mortality rate for BC is higher in China.The M/I ratio was 0.21 in China compared with 0.16 in the United States [1] .The higher mortality rate in urban Chinese women might be driven by the higher risk exposure. The higher M/I ratio in rural China might have resulted from unevenness in the access to, or the quality of, the healthcare system. Compared with urban patients, Chinese rural BC patients tended to be diagnosed at an advanced stage and to have tumors with a more aggressive histologic type (p 5 .0251), larger size (p , .0001), and more metastatic lymph nodes (p , .0001) [19, 20] . In our previous multicenter study, patients from low socioeconomic areas were also more likely to be diagnosed with later stage tumors [21] . These data suggest that a disparity in healthcare services exists between rural and urban China. Nonetheless, the geographic distribution of the cancer registry system was another possible explanation for the skewed incidence and mortality, and a more uniform and consistent reporting system would help address this.
In the present study, the age-specific BC incidence had an age plateau, with a peak at approximately 50 years. This dualdimensional pattern in China is different from the incidence patterns seen in the United States and European Union. The age-specific BC incidence increased with age in the West [1] . However, among the Asian countries, Japan, Korea, Mongolia, and India all had a younger peak age for BC incidence [1, 10] . Asian women, and Chinese women in particular, were reported to have an earlier age of BC onset [22] [23] [24] . In China, the proportion of patients at diagnosis younger than 50 years old was 46%, onefold higher than that in the United States and European Union [1] . The proportion of premenopausal cases was 62.9% in China, much greater than that in the United States and European Union [24] .The higher proportion of younger patients might drive the earlier onset of BC in China. MousaviJarrrahi et al. [25] proposed that the earlier onset in Asia was possibly the result of a cohort effect in the population and the age-specific distribution of BC would follow the West pattern.
From 2003 to 2009, the BC incidence increased in both urban and rural areas; however, the mortality data did not show a significant difference. A similar pattern of change in BC incidence was also reported from the Beijing 1998 to 2007 cancer registry database [26] and China 1998 to 2002 registry Breast Cancer in China database [27] . However, these longer term cancer mortality data have shown an increasing mortality rate among Chinese women [28] . In addition, BC treatment has improved over the past 10-year period, which could have affected mortality [29] . The nonsignificant change in BC mortality might have resulted from the limited period of observation. In addition, the unevenness of reporting to cancer registrations is another possible explanation for the unchanged mortality.
During the past 5 decades, China has undergone significant development and remarkable change in socioeconomic status, altering lifestyles and risk factor exposures to populations.The economic development in China has resulted in a shift from a predominately rural lifestyle to a more western/urban style. These lifestyle changes have correlated with an increase in the body mass index in children and adolescents over these decades [30, 31] . As expected, the prevalence of central obesity among Chinese adults has increased from 1993 to 2009 [32] . The average age of menarche onset in Chinese women also declined [33, 34] . The earlier onset of menarche among Chinese girls was reported to be related to economic development and an increase in body mass index [33] . With the improvement in the economy, the consumption of soy, vegetables, and grains has gradually declined, with a concomitant increase in the consumption of meat and oil among the Chinese people [35] .These lifestyle shifts could possibly have introduced additional risks to Chinese women, resulting in the increasing burden of BC.
In the United States and some European countries, both the BC incidence and the mortality have decreased [1] . In contrast, in Asian regions, BC mortality has had different patterns, increasing in Taiwan, Japan, and Korean and decreasing in Hong Kong and Singapore [36] . The inconsistent trends might be related to the awareness of BC, BC prevention, and the implementation of screening, rather than true differences in incidence.
Although the Chinese government has launched BC screening, the program was applied to only a limited number of women and a substantial number of women remained unscreened, with more than 450 million women at risk of breast cancer in China.The 2009 to 2011 screening programs in China targeted younger women and used CBEs and US studies for BC detection, rather than mammography, which is the primary detection method used in other countries. Using these methods to screen 1.2 million women at 200 screening sites, the detection rate was 48.0/10 5 , and early-stage lesions were detected in 440 cases. A site variation was observed in the screening detection rate [37] . The general detection rate in these 35-to 59-year-old screened rural women was lower than the reported occurrence rate in the same general population of women. In the Shanghai screening program, the detection rate was 194 /10 5 , and the detection of early-stage disease was 60% [37] . In the 2009 to 2011 screening program of rural women, the detection rate of early BC was 33.5/10 5 . Among Chinese rural women, the age-specific incidence for those aged 35-59 years ranged from 14.9/10 5 to 46.7/10 5 [2] . Among the clinically diagnosed BC cases, the early-stage rate was 74.2% and the rate of stages III and IV was 25.8%. [21] .Thus, the early detection rate in tertiary hospitals of early stage BC among rural women was much lower than urban women. This screening program should be further evaluated for detecting earlier lesions, but reducing overall BC mortality must be the ultimate endpoint for screening.
The screening program chose CBE and US methods rather than mammography for screening for two major reasons. First, the proportion of breast cancer in young and premenopausal women in China is higher, with a peak incidence at age 50. Additionally, the average breast density in Chinese women is higher than that in many Western populations [38] . The sensitivity of US in BC screening has been reported to be higher than that for mammography among women with dense breasts, a small breast volume, and premenopausal status [39] . US imaging, as an adjunct to mammography, in women with dense breasts had an additive beneficial effect [40] .
Despite this rationale, 50.8% of Chinese women had fatty breasts [41] , and US imaging might not be an ideal screening tool among these women. US was more sensitive than mammography among Chinese women younger than 55 years [39] . Nevertheless, the age of women in the secondgeneration screening programs was extended to 64 years, and mammography might be a better screening tool for these older women [37] . It is necessary to create a practical guideline for screening site selection and to take actions to support the selected sites to conduct high-quality screening programs. The detection methods warrant investigation in the future. A lower detection rate of screening possibly resulted from the lower incidence of BC in rural Chinese women. It may be necessary to propose a risk assessment tool for selection of those at high risk for screening. Comprehensive and prioritized strategies are needed to improve the participation of high-risk women.
The present study had some potential limitations. Most cancer registry centers located in East and Coastal China, which might have influenced the generalizability of the national incidence and mortality. The registry disparity was possibly related to the geographic inequity of BC burden. In addition, the number of regional cancer registries increased annually; thus, the data in the time trend analysis were derived from the unrestricted registries. Moreover, the screening program was implemented among a limited population, including a large proportion of rural subjects; therefore, more active attention should be given in the forthcoming program.
CONCLUSION
The cancer registry system in China is currently uneven, and a more balanced distribution of registries is needed, including registries in West and Central China. The BC burden in China showed geographic variations, including differences between rural and urban populations. The incidence of BC is increasing, and the age-specific incidence of BC had a peak at approximately 50 years old. Despite these concerns, the Chinese BC control programs, using CBE and breast US imaging in women aged 35-59 years, had detection rates that were relatively low. The detection tools and strategies for screening BC in China are works in progress and warrant monitoring and additional investigation.
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